Abstract. An excitation function of the 19 F(p,αγ) 16 O reaction has been measured over the proton beam energy range Ep=200-800 keV using a 4π NaI summing spectrometer. A new resonance was found at ER=237 keV and its properties ΓR, σR and ωγ have been extracted. The strengths of all resonances at Ep = 200 -800 keV have been also extracted. The importance of the 1 + resonance at ER=11 keV is discussed and its width has been estimated taking into account interference effects with the strong 1 + resonance at ER=340 keV. The reaction rates have been calculated over a wide range of temperatures and compared with the rates of the (p,α0) and (p,απ) branches of the 19 F(p,α) 16 O reaction.
Introduction
The importance of the 19 F(p,α) 16 O reaction in nuclear astrophysics has been discussed by Rolfs and Rodney [1] . The 19 F(p,αγ) 16 O branch of this reaction dominates the reaction rate over a wide temperature range and especially at high temperatures relevant to hot and explosive hydrogen burning. Given its importance, a precise and complete measurement of the total cross section appeared desirable. The energy range E p =800-3600 keV (all energies are given in the laboratory system, except where quoted differently) has been studied previously [2] using a 4π NaI detection system, where the strength ωγ for narrow resonances and the astrophysical S-factor for broad resonances have been obtained.
In the present work the studies have been extended to low energies, E p ≤800 keV, using a similar detection system. The results from previous and present work allow to calculate the reaction rates over a wide range of temperatures.
Experimental setup and procedures
Proton beams (with up to 2 µA current on target) have been provided by the 450 kV accelerator and the 4 MV tandem accelerator of the Dynamitron Tandem Laboratorium at the Ruhr-Universität Bochum. The experimental setup is shown schematically in Fig. 1 . The proton beam was focussed to a spot of about 4 mm diameter on the target after passing through the apertures A 1 and A 2 (distance 103 cm) which had a diameter of 6 and 3 mm, respectively. The air cooled target was placed at a 62 cm distance from aperture A 2 cylindrical stainless steel target chamber of 50 cm length, 32 mm inner diameter, and a 0.5 mm wall thickness. The target chamber was electrically insulated from the beam line via a metal-ceramic flange and served as Faraday cup for beam integration. A second metal-ceramic flange served to insulate aperture A 2 from A 1 . The beam currents measured at A 1 , A 2 , and the Faraday cup were used to optimize the beam profile on target. Hereby, a voltage of -300 V was applied to the part of the beam tube between the two metal-ceramic flanges in order to supress the effects arising from secondary electron emission. In order to avoid carbon-buildup on target, the setup was equiped with a liquid-nitrogen cooled in-line Cu tube of 50 cm length. With this tube, the metal-sealed UHV components of the setup, and the operation of a turbo pump with 360 l/s pumping speed, a base pressure of 1.2× 10 −8 mbar was achieved. The γ-rays have been detected by a 12 inch × 12 inch NaI(Tl) crystal with a central borehole of 35 mm diameter and a 0.5 mm Al wall thickness. The crystal could be moved on a rolling tray so that the target could be placed at the center of the crystal. Due to the 4π geometry covered by the summing crystal, the detected γ-rays are angle integrated leading to the ability of measuring directly the total cross section.
Three 
Analysis and results

Excitation functions and resonance strengths
The excitation function of the 19 F(p,αγ) 16 O reaction has been obtained at E p =200-800 keV. The energy steps varied from 1 keV (when scanning a resonance) to 10 keV. The spectrum integration window was 4.2 MeV to 9 MeV. The absolute detection efficiency of the summing crystal was measured over a wide range of γ-energies [3] , where the results have been in good agreement with Monte Carlo simulations using the code GEANT. At the relevant energy range, E γ =6.13-7.11 MeV, is nearly constant. If the integrated window includes part of the low-energy tails, one finds [3] =0.73 ± 0.06 for an integration window 3 MeV to 9 MeV. The adaptation to the present situation, i.e. integration window 4.2-9.0 MeV was performed with a spectrum taken at the E p =872 keV resonance The experiments were carried out using three thin fluorine targets, all of them produced at the Dynamitron Tandem laboratory at the Ruhr-Universitat Bochum by evaporating natural CaF 2 powder on a clean Cu backing. In addition some resonances were investigated using a thick fluorine target which was produced at the Institute of Nuclear Physics at N.C.S.R. "Demokritos", by evaporating natural CaF 2 powder on a clean W backing. The thin targets were used to obtain the excitation function stepwise for proton energies E p =417-800, 217-435, and 200-223 keV. To check for possible deteriorations of the targets due to bombardment, tests were made frequently by scanning the nearest resonance and checking the yield at the maximum and the observed width. Only for the third target and after bombardment with high currents a 5% reduction in yield was observed at the two last measured points, which is within the experimental errors.
The excitation functions which correspond to the three above mentioned sets of data are shown in Fig. 3, where 200 300 400 500 600 700 800 10 
